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(57)Abstract 

PROBLEM TO BE SOLVED: To avoid the punch-through of impurity 

ions through a gate insulation layer to reduce the threshold foil 

variation of the driving voltage by providing an oxide nitride 

insulation layer which covers source/drain regions and has an N 

concn. distribution in a different layer thickness direction from that 

of the gate insulation film. 

SOLUTION: A device is produced by forming an element separating 
oxide film 2, N-well 3, first Si oxide nitride layer 4 and gate 
electrode 5 on an Si substrate 1, heating the substrate in a quick lift- 
heat treating chamber, exposing to an ammonia-contg. atmosphere, 
replacing it with N in the chamber to form a second high-N-concn. 
Si oxide nitride layer 4a at both sides of the gate electrode 5, the N 
concn. distribution in this layer 4a being different from that in the 
first Si oxide nitride layer 4 just beneath the gate electrode 5, and 
introducing a p-type impurity such as B to form a p-type source 
region 6s and drain region 6d. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this 
translation. 

l.This document has been translated by 

computer. So the translation may not 

reflect the original precisely. 

2 **** ghows the word which can not be 

translated. 

3.1n the drawings, any words are not 
translated. 



CLAIMS 



[Claim(s)] 

[Claim l] The semiconductor device 
characterized by to have the gate 
insulating layer which consists of the 1st 
nitriding oxide formed on the 
semi-conductor substrate, the gate 
electrode which were formed on said gate 
insulating layer, the source / the drain 
field which were formed in said 
semi-conductor substrate of the method 
of both sides of said gate electrode, and 
the nitriding oxidation insulating layer 
which have nitrogen concentration 
distribution of the direction of thickness 
which is different from a bonnet and said 
gate insulating layer in said source / 
drain field among said semi conductor 
substrate front faces. 

[Claim 2] Said nitrogen concentration of 
said nitriding oxidation insulating layer 
is a semiconductor device according to 
claim 1 characterized by segregating to 



the interface of said semi-conductor 
substrate and said nitriding oxidation 
insulating layer. 

[Claim 3] The nitrogen concentration 
distribution in said gate insulating layer 
under said gate electrode is a 
semiconductor device according to claim 1 
characterized by existing in the direction 
of thickness at broadcloth, without 
segregating to the interface of said 
semi-conductor substrate and, said 
nitriding oxidization insulating layer. 
[Claim 4] The nitrogen concentration 
distribution in said gate insulating layer 
under said gate electrode is a 
semiconductor device according to claim 1 
characterized by segregating to the 
interface of said gate electrode and said 
gate insulating layer. 
[Claim 5] The semiconductor device 
characterized by the gate insulating layer 
which it is formed on a semi-conductor 
substrate, and the nitrogen partition of 
the direction of thickness becomes from a 
broadcloth nitriding oxide, the gate 
electrode formed on said gate insulating 
layer, the source / drain field formed in 
said semi conductor substrate of the 
method of both sides of said gate 
electrode, and having a wrap insulating 
layer for said source / drain field among 
said semi-conductor substrate front faces. 
[Claim 6] Said insulating layer is a 
semiconductor device according to claim 5 
characterized by being formed from 
silicon oxide. 
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[Claim 7] The process which forms the 
gate insulating layer which becomes the 
principal plane of a semi-conductor 
substrate from a nitriding oxide, The 
process which forms the nitriding 
oxidation insulating layer which has 
nitrogen concentration distribution of the 
different direction of thickness from said 
gate insulating layer in the principal 
plane of said semi conductor substrate of 
the process which forms a gate electrode 
on said gate insulating layer, and the 
method of both sides of said gate 
electrode, The manufacture approach of 
the semiconductor device which uses said 
gate electrode as a mask and is 
characterized by having the process 
which introduces an impurity into said 
semi-conductor substrate, and forms a 
source field and a drain field. 
[Claim 8] The manufacture approach of 
the semiconductor device according to 
claim 7 characterized by distributing the 
nitrogen concentration in said nitriding 
oxide over broadcloth to the direction of 
thickness in the process which forms said 
gate insulating layer. 
[Claim 9] The manufacture approach of 
the semiconductor device according to 
claim 7 characterized by making the 
interface of said gate insulating layer and 
said gate electrode segregate the nitrogen 
concentration in said nitriding oxide in 
the process which forms said gate, 
insulating layer. 

[Claim 10] The manufacture approach of 



the semiconductor device according to 
claim 7 characterized by making the 
interface of said nitriding oxidation 
insulating layer and said semi-conductor 
substrate segregate the nitrogen 
concentration in said nitriding oxidation 
insulating layer in the process which 
forms said nitriding oxidation insulating 
layer., 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention 
relates to a semiconductor device, the 
semiconductor device which has an MIS 
(metalinsulator semiconductor) mold 
field-effect transistor in more detail about 
the manufacture approach, and its 
manufacture approach. 
[0002] 

[Description of the Prior Art] The 
lamination of a gate insulating layer is 
progressing by detailed-izing of a 
semiconductor device in recent years, and 
high integration, and the omission to 
lowering of the hot carrier resistance of a 
semiconductor device and the substrate 
of the impurity contained in a gate 
electrode component poses a problem in 
connection with this. Generally an MIS 
mold field-effect transistor, for example, a 
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PMOS transistor, is drawing 9 (a). - (c) It 
is formed through a process as shown. 
[0003] First, drawing 9 (a) It is a silicon 
substrate 101 so that it may be shown. 
Selective oxidation of the front face of a 
component isolation region is carried out, 
and it is the oxidizing zone (LOCOS) 102 
for isolation. It forms and, subsequently 
is the oxidizing zone 102 for isolation, n 
mold impurity is introduced into the 
surrounded component formation field, 
and it is n mold well 103. It forms and, 
subsequently is a silicon substrate 101. A 
surface component formation field is 
oxidized thermally and it is the gate 
insulating layer 104. It forms. 
[0004] Next, gate insulating layer 104 
After reaching and forming a 
polycrystalline silicon layer on the 
oxidizing zone for isolation, patterning of 
the polycrystalline silicon layer is carried 
out with photolithography, and it is 
drawing 9 (b). It is the gate electrode 105 
so that it may be shown. It forms. After 
that, it is drawing 9 (c). p mold impurities, 
such as boron, are introduced into the 
gate electrode 105 and a silicon substrate 
1 with ion-implantation etc. so that it 
may be shown, and thereby, it is the gate 
electrode 105. While making conductivity 
high, it is the gate electrode 105. The 
low-concentration impurity diffused 
layers 106s and 106d are formed in the 
method of both sides. 
[0005] Then, gate electrode 105 Sidewall 
107 of insulation [ side ] After forming, it 



is the gate electrode 105. And sidewall 
107 It is used for a mask and is the gate 
electrode 105. The high-concentration 
impurity diffused layers 108s and 108d 
are formed in the side. It is LDD (lightly 
doped drain) by the high-concentration 
impurity diffused layers 107s and 107d 
and the low-concentration impurity 
diffused layers 106s and 106d. 109s of 
source fields of structure and 109d of 
drain fields are constituted. 
[0006] By the way, gate insulating layer 
104 Although the silicon oxidizing zone is 
used as an ingredient, when the ion 
implantation of the boron is carried out to 
a silicon substrate as an impurity, the 
impurity is the gate electrode 105. It runs 
and is n mold well 103. Surface n mold 
high impurity concentration is made to 
fall. For this reason, the 
low-concentration impurity diffused 
layers 106s and 106d and 
low concentration n mold well 103 of p 
mold The pn junction to depend will be 
generated in a part deeper than that 
surface. Moreover, the MOS transistor 
requires improvement in much more hot 
carrier resistance as detailedization 
progresses. 

[0007] It is nitriding silicon oxide (SiON) 
as a gate insulating layer from such a 
situation. By using a layer, there are a 
report of preventing the thrust omission 
of the boron ion in a gate electrode by the 
nitriding silicon oxide layer, and a report 
of forming a nitriding oxidizing zone in 



4 



JP10-256539 



the top face of a source field and a drain 
field among semi-conductor substrates, 
and raising hot carrier resistance. 
[0008] Thus, in order to attain 
simultaneously two main objects using a 
nitriding silicon oxide layer, using a 
source field and a drain field as it is as a 
wrap insulating layer is performed in the 
nitriding silicon oxide layer formed as a 
gate insulating layer on the principal 
plane of a semi-conductor substrate. If a 
nitriding silicon oxide layer is formed on 
a drain field such, compared with a 
thermal oxidation silicon layer, it will 
become strong to a drain avalanche hot 
carrier. And when it is going to heighten 
such effectiveness, it is necessary to make 
high concentration of the nitrogen in a 
nitriding silicon oxide layer. 
[0009] However, when many nitrogen is 
contained in the gate insulating layer, an 
electron hole or the electronic number of 
traps will increase, and the resistance of 
a channel hot electron or a channel hot 
hole will be weakened actually. Moreover, 
if nitrogen is introduced into a gate 
insulating layer, compared with the case 
where it is not introduced, the threshold 
voltage of transistor characteristics will 
shift in the negative direction. 
[0010] Even if it makes hot carrier 
resistance high and uses it with low gate 
voltage in JP,5-211330,A as opposed to 
such a problem by making nitriding 
concentration of the nitriding silicon 
oxide layer of the semi-conductor 



substrate of the source / drain field of a 
field-effect transistor deeper than the 
nitriding concentration of the nitriding 
silicon oxide layer under a gate electrode, 
it is indicated that the rate of current 
actuation becomes large. 
[0011] 

[Problem(s) to be Solved by the 
Invention] However, if the nitriding 
concentration of the insulating layer 
directly under a gate electrode is not high 
enough, since the thrust omission of a 
gate electrode and the boron ion in a gate 
insulating layer cannot be prevented, 
solution of such a problem is not 
expectable only by only making low 
nitriding concentration of the nitriding 
silicon oxide layer which constitutes a 
gate insulating layer. 
[0012] The place made into the object of 
this invention is to offer the 
semiconductor device which can prevent 
the thrust omission of the gate insulating 
layer of impurity ion, and can make small 
variation in the threshold of the driver 
voltage of a transistor, and its 
manufacture approach while making hot 
carrier resistance still higher. 
[0013] . 

[Means for Solving the Problem] 
The gate insulating layer 4 which 
consists of the 1st nitriding oxide formed 
on the semi conductor substrate 1 so that 
the above-mentioned technical problem 
may be illustrated to drawing 1 , (Means) 
The gate electrode 5 formed on said gate 
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insulating layer 4, and the source / drain, 
fields 6s and 6d which were formed in 
said semi-conductor substrate 1 of the 
method of both sides of said gate 
electrode 5, It solves with the 
semiconductor device characterized by 
having nitriding oxidation 

insulating-layer 4a which has nitrogen 
concentration distribution in the 
direction of thickness which is [ fields / 
said / source / drain fields 6 s and 6d ] 
different in a bonnet and said gate 
insulating layer 4 among said 
semi-conductor substrate 1 front faces. 
[0014] In the above-mentioned 
semiconductor device, said nitrogen 
concentration of said nitriding oxidation 
insulating-layer 4a is characterized by 
segregating to the interface of said 
semi-conductor substrate 1 and said 
nitriding oxidation insulating-layer 4a so 
that it may illustrate to drawing 4 - 
drawing 6 . In the above-mentioned 
semiconductor device, nitrogen 
concentration distribution in said gate 
insulating layer 4 under said gate 
electrode 5 is characterized by existing in 
the direction of thickness at broadcloth, 
without segregating to the interface of 
said semi-conductor substrate 1 and said 
nitriding oxidization insulating-layer 4a 
so that it may illustrate to drawing 3 . 
[0015] In . the above-mentioned 
semiconductor device, nitrogen 
concentration distribution in said gate 
insulating layer 4 under said gate 



electrode 5 is characterized by 
segregating to the interface of said gate 
electrode 5 and said gate insulating layer 
4. Moreover, the gate insulating layer 4 
which the above-mentioned technical 
problem is formed on the semi-conductor 
substrate 1, and the nitrogen partition of 
the direction of thickness becomes from a 
broadcloth nitriding oxide, The gate 
electrode 5 formed on said gate insulating 
layer 4, and the source / drain fields 7s 
and 7d which were formed in said 
semi-conductor substrate 1 of the method 
of both sides of said gate electrode 5, It 
solves with the semiconductor device 
characterized by having a wrap 
insulating layer for said source / drain 
fields 7s and 7d among said 
semi conductor substrate 1 front faces. In 
this case, said insulating layer is formed 
from silicon oxide. 

[0016] Moreover, the above-mentioned 
technical problem is drawing 1 (a). - (d) 
So that it may illustrate The process 
which forms the gate insulating layer 4 
which becomes the principal plane of the 
semi-conductor substrate 1 from a 
nitriding oxide, The process which forms 
nitriding oxidation insulating- layer 4a 
which has nitrogen concentration 
distribution of the direction of thickness 
which is different in said gate insulating 
layer 4 in the principal plane of said 
semi-conductor substrate 1 of the process 
which forms the gate electrode 5 on said 
gate insulating layer 4, and the method of 
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both sides of said gate electrode 5, It 
solves by the manufacture approach of 
the semiconductor device which uses said 
gate electrode 5 as a mask, and is 
characterized by having the process 
which introduces an impurity into said 
semi conductor substrate 1, and forms 6s 
of source fields, and 6d of drain fields. 
[0017] In the manufacture approach of 
the semiconductor device, it is 
characterized by distributing the 
nitrogen concentration in said nitriding 
oxide over broadcloth to the direction of 
thickness in the process which forms said 
gate insulating layer 4. In the 
manufacture approach of the 
semiconductor device, it is characterized 
by making the interface of said gate 
insulating layer 4 and said gate electrode 
5 segregate the nitrogen concentration in 
said nitriding oxide in the process which 
forms said gate insulating layer 4. 
[0018] In the manufacture approach of 
the semiconductor device, it is 
characterized by making the interface of 
said nitriding oxidation insulating-layer 
4a and said semi conductor substrate 1 
segregate the nitrogen concentration in 
said nitriding oxidation insulating-layer 
4a in the process which forms said 
nitriding oxidation insulating-layer 4a. 
Next, an operation of this invention is 
explained. It was made to change 
nitrogen concentration distribution of the 
direction of thickness in the 1st nitriding 
oxidizing zone used as a gate insulating 



layer between the semi-conductor 
substrate of an MIS transistor, and a gate 
electrode, and nitrogen concentration 
distribution of the direction of thickness 
in the 2nd nitriding oxidizing zone which 
uses the source / drain field as a wrap 
insulating layer depending on the method 
of both sides of a gate electrode according 
to this invention. 

[0019] The shift amount of the threshold 
of an MIS transistor and impurity ion run 
through this invention persons. 
Prevention and hot carrier resistance Are 
greatly dependent on the nitrogen 
concentration in the interface of a silicon 
substrate and a gate insulating layer, or 
nitrogen concentration distribution, 
respectively. When installation of a lot of 
nitrogen found out that the variation in 
lot-to-lot transistor characteristics also 
becomes the factor to enlarge and 
nitrogen concentration adjusted 
distribution of the direction of thickness 
further, it checked by experiment that the 
optimal film which raises an MIS 
transistor property existed. 
[0020] For example, as nitrogen 
concentration distribution of the 1st 
nitriding oxidizing zone, there are that 
from which nitrogen was distributed over 
broadcloth, and a thing which nitrogen 
segregated to the interface with a gate 
electrode. Furthermore, as nitrogen 
concentration distribution of the 2nd 
nitriding oxidizing zone, some which 
nitrogen segregated are in an interface 
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with a semi-conductor substrate. That 
nitrogen concentration is distributed over 
broadcloth shows that it has distribution 
from which the nitrogen concentration 
near the interface of the 1st nitriding 
oxidizing zone and a semi-conductor 
substrate does not change in the direction 
of thickness substantially. 
[0021] While a carrier trap lessens 
according to the nitrogen concentration 
distribution by the 1st nitriding oxidizing 
zone by this that it is hard to run in the 
case of an impurity ion implantation, hot 
carrier resistance can be improved 
according to nitrogen concentration 
distribution in the 2nd silicon nitride 
layer. Moreover, since the thickness 
which the silicon oxide layer could be 
used as a wrap insulating layer, 
proof -pressure degradation at the edge of 
a gate electrode was prevented by the 
silicon insulating layer according to this, 
and was moreover stabilized in the source 
/ drain field can be obtained while 
forming nitriding concentration 
distribution of a gate insulating layer in 
broadcloth, the depth of the shallow 
impurity diffused layer of the source / 
drain field of LDD structure can be 
stabilized. 

[0022] In addition, as an ingredient of the 
substrate of an MIS transistor, what [ not 
only ] consists of semi-conductors of 
single elements, such as silicon and 
germanium, but the thing which consists 
of compound semiconductors is included. 



[0023] 

[Embodiment of the Invention] Then, the 
gestalt of operation of this invention is 
explained based on a drawing below. First, 
the production process of the MOS 
transistor which has the source / drain 
field of LDD structure is explained as the 
2nd example, using as the 1st example 
the production process of the MOS 
transistor which LDD structure does not 
adopt as the source / drain field. 

[0024] 1st example drawing 1 and 

drawing 2 are the sectional views 
showing the formation process of the 
MOS transistor which has the source 
field which does not have LDD structure, 
and a drain field. First, drawing 1 (a) A 
process until it will be in the condition 
which shows is explained. On the silicon 
(semi-conductor) substrate 1, the 
oxidizing zone 2 for isolation of 250nm of 
thickness is formed by the selective 
oxidation method, and the field 
surrounded by the oxidizing zone 2 for 
isolation is the component formation field 
A. 

[0025] The oxidizing zone 2 for isolation 
is used as a mask, n mold impurities, 
such as phosphorus and arsenic, are 
introduced into the component formation 
field A, and, thereby, the N well 3 is 
formed in the component formation field 
A of a silicon substrate 1. Next, the 1st 
nitriding silicon oxide layer 4 of 6nm of 
thickness is formed in the component 
formation field A of silicon substrate 1 
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front face by putting in a silicon substrate 
1 in a vertical mold diffusion furnace 
(un-illustrating), and exposing silicon 
substrate 1 front face to a 950-degree C 
nitrogen oxide (N20) gas ambient 
atmosphere into it. 

[0026] After that, a polycrystalline silicon 
layer is grown up to be the thickness of 
180nm by CVD on the 1st nitriding 
silicon oxide layer 4 of a silicon substrate 
1, and the oxidizing zone 2 for isolation. 
Then, patterning of the polycrystalline 
silicon layer is carried out with 
photolithography, and the gate electrode 
5 which passes along the center of the 
component formation field A by this is 
formed. The field of the method of both 
sides of the gate electrode 5 turns into the 
source / drain field among the component 
formation fields A, respectively. 
[0027] Next, where a silicon substrate 1 is 
put in in the chamber of a rapid thermal 
treatment equipment (un-illustrating), it 
is 850- degree C ammonia (NH3) about 
the inside of the chamber. After setting it 
as the ambient atmosphere containing 
gas and exposing a silicon substrate 1 for 
60 seconds in the ambient atmosphere, 
the gas in a chamber is permuted by 
nitrogen (N2). The NH3 According to gas, 
it is drawing 1 (b). The nitrogen 
concentration of the 1st nitriding silicon 
oxide layer 4 of the method of both sides 
of the gate electrode 5 becomes high, and 
is set to 2nd nitriding silicon oxide layer 
4a of high nitrogen concentration so that 



it may be shown. 

[0028] After that, it is the nitrogen gas in 
a chamber. It permutes by N20 gas, the 
temperature in a chamber is gone up at 
900 degrees C in this condition, and it is 
drawing 1 (c). A silicon substrate 1 is put 
in in that ambient atmosphere, and is 
maintained for 60 seconds so that it may 
be shown. It sets at the process so far and 
is the 1st order. By changing the 
temperature and the processing time of 
an ambient atmosphere of NH3, the 
nitrogen concentration of the 2nd 
nitriding silicon oxide layer 4 of the both 
sides of the gate electrode 5 can be 
controlled, and, moreover, nitrogen 
concentration can be locally controlled by 
the part of the interface of the nitriding 
silicon oxide layer 4 and a silicon 
substrate 1. It is because association with 
nitrogen and silicon becomes easy in the 
interface. 

[0029] That is, the peak of the nitrogen 
concentration in 2nd nitriding silicon 
oxide layer 4a in the method of both sides 
of the gate electrode 5 and a silicon 
substrate 1 is controlled to exist in the 
interface approach of 2nd nitriding 
silicon oxide layer 4a and a silicon 
substrate 1 . By this, the nitrogen 
concentration distribution in 2nd [ of the 
both sides of the gate electrode 5 ] 
nitriding silicon oxide layer 4a will differ 
from the nitrogen concentration 
distribution in 1st nitriding silicon oxide 
layer (gate insulating layer) 4a which is 
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directly under the gate electrode 5. 
[0030] In addition, drawing 1 (c) It is 
NH3 as shown. The 2nd nitriding 
oxidation treatment after changing gas to 
N2 0 is mainly NH3. It is carrying out in 
order to remove the hydrogen element 
introduced into 2nd nitriding silicon 
oxide layer 4a in the ambient atmosphere 
of gas. Then, the gate electrode 5 and the 
oxidizing zone 2 for isolation are used for 
a mask, p mold impurities, such as boron, 
are introduced into the silicon substrate 1 
of the both sides of a gate electrode, and 
this forms 6s of source fields and 6d of 
drain fields of p mold. An impurity 
diffused layers [ 6s and 6d ] edge is 
covered with 2nd nitriding silicon oxide 
layer 4b which spread at the edge under 
the gate electrode 5, is, and becomes 
things. 

[0031] After that, although not illustrated 
especially, wiring which forms a layer 
insulation layer in the whole, forms a 
contact hole subsequently to a layer 
insulation layer, and is formed on a layer 
insulation layer will be connected to 6s of 
source fields, 6d of drain fields, and the 
gate electrode 5 through a contact hole. 
The production process of the MOS 
transistor which adopts the impurity 
diffused layer of LDD structure as the 
2nd example next a source field, and a 
drain field is explained. 
[0032] First, after forming the 1st 
nitriding silicon oxide layer 4 in the front 
face of the component formation field A of 



a silicon substrate 1 and forming the gate 
electrode 5 subsequently to the 
component formation field A of a silicon 
substrate 1 like the 1st example, it is 
drawing 2 (a). So that it may be shown p 
mold impurity is introduced into a silicon 
substrate 1 using the gate electrode 5 and 
the oxidizing zone 2 for isolation, and the 
shallow low-concentration impurity 
diffused layers 7s and 7d are formed in a 
mask. 

[0033] After that, it is an ambient 
atmosphere around the 1st nitriding 
silicon oxide layer 4 at the same 
conditions as the 1st example so that the 
peak of nitrogen may exist the 1st 
nitriding silicon oxide layer 4 and 
low-concentration impurity diffused 
layers [ 7s and 7d ] (silicon substrate) 
near the interface NH3 N2 and N20 It 
changes in order and nitrogen is 
introduced into a part of 1st nitriding 
silicon oxide layer 4 of the method of both 
sides of the gate electrode 5. Here, the 
part to which nitrogen was made to 
increase among the 1st nitriding silicon 
oxide layer 4 is set to 2nd nitriding silicon 
oxide layer 4b. This 2nd nitriding silicon 
oxide layer 4b will be spread and formed 
also in the edge under the gate electrode 
5, and will cover a low-concentration 
impurity diffused layers [ 7s and 7d ] 
edge by this. 

[0034] By this, the nitrogen concentration 
distribution in 2nd [ of the both sides of 
the gate electrode 5 ] nitriding silicon 
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oxide layer 4b will differ from the 
nitrogen concentration distribution in the 
1st nitriding silicon oxide layer (gate 
insulating layer) 4 which is directly 
under the gate electrode 5. Then, SiO 
two-layer is grown up to be the whole by 
CVD, and it is a wrap by Si02 about the 
gate electrode 1 and a silicon substrate 1. 
[0035] Next, SiO two-layer is 
perpendicularly etched by reactive ion 
etching, and, thereby, it is drawing 2 (c). 
It leaves the SiO two-layer of the flank of 
the gate electrode 5 as an insulating 
sidewall 8 so that it may be shown. After 
that, the gate electrode 5 and a sidewall 8 
are used as a mask, p mold impurity is 
introduced into a silicon substrate 1, and 
the deep high-concentration impurity 
diffused layers 9s and 9d are formed in 
the silicon substrate 1 of a way outside 
the gate electrode 5 and a sidewall 8. 10s 
of source fields and lOd of drain fields of 
LDD structure are constituted by such 
high-concentration impurity diffused 
layers 9s and 9d and the 
above-mentioned low-concentration 
impurity diffused layers 7s and 7d. 
[0036] After that, although not illustrated 
especially, a layer insulation layer is 
formed, subsequently to a layer 
insulation layer a contact hole is formed, 
and wiring is connected to 10s of source 
fields, lOd of drain fields, and the gate 
electrode 5 through a contact hole on a 
layer insulation layer. In addition, after 
forming the gate electrode 5, the 1st 



nitriding silicon oxide layer 4 of the both 
sides of the gate electrode 5 is removed, 
and the 1st nitriding silicon oxide layer 4 
may be made to grow up to be the front 
face of a silicon substrate 1 again after 
that, although the 1st above-mentioned 
example and the 2nd example explained 
the process which does not remove the 1st 
nitriding silicon oxide layer 4 of the both 
sides of the gate electrode 5. 
[0037] Moreover, in the above-mentioned 
explanation, in order to give the peak of 
nitrogen concentration to the interface of 
a silicon substrate and a nitriding silicon 
oxide layer, it sets to a rapid thermal 
treatment equipment, and it is NH3. A 
nitriding silicon oxide layer is exposed to 
a gas ambient atmosphere, and, 
subsequently it is NH3. After permuting 
gas by N2 gas, it is a nitriding silicon 
oxide layer. The approach of exposing to 
N20 gas is adopted. However, the other 
approaches may be adopted, for example, 
it sets to a rapid thermal treatment 
equipment. The approach of processing in 
an N20 gas ambient atmosphere and the 
approach of processing in NO gas 
ambient atmosphere may be used. 
Moreover, a vertical mold diffusion 
furnace may be used instead of a rapid 
thermal treatment equipment in those 
cases. 

[0038] As mentioned above, although the 
production process of two MOS 
transistors was explained, a different 
point from the former in those production 
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processes is having made the nitrogen 
partition of the nitriding silicon oxide 
layers 4a and 4b of a wrap 2nd differ the 
1st nitriding silicon oxide layer 4, and the 
source / drain field which constitutes a 
gate insulating layer. The nitrogen 
partition of the 1st nitriding silicon oxide 
layer 4 which is there, next was described 
above, and the 2nd nitriding silicon oxide 
layer 4a and 4b is explained. 
[0039] First, a vertical mold diffusion 
furnace is used and it is N20. When the 
1st nitriding oxidation silicon nitride 
layer was formed on the silicon substrate 
in the ambient atmosphere with a 
temperature [ containing gas ] of 950 
degrees C at the thickness of 6nm and 
SIMS analysis of this was carried out, the 
analysis result as shown in drawing 3 
was obtained. In this oxidization silicon 
nitride layer, it turns out that 
concentration distribution of nitrogen 
serves as broadcloth. Next, the silicon 
oxide layer of about 5.3nm of thickness is 
formed by ** in a dilution oxygen 
ambient atmosphere using a vertical 
mold diffusion furnace. A rapid thermal 
treatment equipment is used after that, 
and it is a silicon oxide layer NH3 It 
exposes to the ambient atmosphere 
containing gas, and a silicon oxide layer 
is changed into an oxidation silicon 
nitride layer. Subsequently NH3 in the 
furnace of a rapid thermal treatment 
equipment After permuting gas by N2 
gas, it is NO 2 in the furnace. Introduce 



gas, expose an oxidation silicon nitride 
layer to the ambient atmosphere for 60 
seconds at 900 degrees C, and the 
hydrogen in a layer is removed. When 
SIMS analysis of the subsequent 
oxidation silicon nitride layer was carried 
out, the analysis result as shown in 
drawing 4 - drawing 6 was obtained. 
[0040] Drawing 4 - drawing 6 are NH3. 
The difference at the time of changing the 
temperature at the time of exposing a 
silicon oxide layer to the ambient 
atmosphere containing gas with 750 
degrees C, 800 degrees C, and 850 
degrees C is shown. In these oxidation 
silicon nitride layers, change of the 
direction of thickness of concentration 
distribution of the nitrogen of the interior 
is large compared with drawing 3 , and 
the description is to have an acute peak 
in the interface of a silicon substrate and 
nitriding silicon oxide moreover. And 
NH3 It turns out that the content of 
nitrogen increases and the nitrogen 
concentration in the interface becomes 
large, so that temperature in a gas 
ambient atmosphere is made high. 
[0041] Next, based on an experimental 
result, it explains to a detail what kind of 
effect the difference in the nitrogen 
partition of the 1st and 2nd nitriding 
silicon oxide layers 4 and 4a has on an 
MOS transistor. It investigated what 
kind of effect the nitrogen concentration 
and distribution in a nitriding silicon 
oxide layer would have what kind of 



12 



JP10-256539 



effect on the threshold voltage of p mold 
MOS transistor, and, moreover, would 
have on prevention of the omission to the 
substrate of the boron ion implantation in 
the lower part of a gate electrode. In this 
examination, the silicon oxide layer 
which does not contain nitrogen which is 
generally used as a gate insulating layer 
is also included in the object for a 
comparison. 

[0042] Six classes were used for the gate 
insulating layer of two or more p mold 
MOS transistors used for the experiment 
by the difference among stratification 
conditions. The gate insulating layer of 
the 1st MOS transistor is set to a vertical 
mold diffusion furnace. It consists of a 
nitriding silicon oxide layer formed in the 
silicon substrate surface by 6nm of 
thickness in the 950-degree C ambient 
atmosphere containing N20 gas. 
Nitrogen concentration distribution of 
the nitriding silicon oxide layer seems to 
be drawing 3 . 

[0043] The gate insulating layer of the 
2nd MOS transistor is a pure silicon 
oxide layer which does not contain the 
nitrogen formed in the silicon substrate 
surface by 6nm of thickness in the 
dilution oxygen ambient atmosphere in 
the vertical mold diffusion furnace. The 
gate insulating layer of the 3rd MOS 
transistor is N20 in a rapid thermal 
treatment equipment. By exposing the 
silicon oxide (Si02) layer of 5nm of 
thickness of a silicon substrate surface to 



the 1000-degree C ambient atmosphere 
containing gas for 60 seconds, the silicon 
oxide layer is changed to a nitriding 
silicon oxide layer. In this case, the 
thickness of a nitriding silicon oxide layer 
is increasing to 6nm by combination of 
nitrogen and silicon. 

[0044] The gate insulating layer of the 
4th MOS transistor is NH3 in a rapid 
thermal treatment equipment. After 
exposing the silicon oxide layer of 5.3nm 
of thickness of a silicon substrate surface 
to the 750- degree C ambient atmosphere 
containing gas and, permuting the gas 
within the ambient atmosphere 
subsequently to N2, it is N20 in the 
ambient atmosphere. It consists of a layer 
which passed through the process which 
introduced and exposed the nitriding 
silicon oxide layer to the temperature of 
900 degrees C. In this case, the thickness 
of the nitriding silicon oxide layer 
obtained eventually is increasing to 6nm 
by combination of nitrogen and silicon. 
Nitrogen concentration distribution of 
the nitriding silicon oxide layer seems to 
be drawing 4 mostly. 

[0045] The gate insulating layer of the 
5th MOS transistor is NH3 in a rapid 
thermal treatment equipment. The 
silicon oxide layer of 5.3hm of thickness 
of a silicon substrate surface is exposed to 
the 800-degree C ambient atmosphere 
containing gas, and they are N2 gas and 
N20 after that at the same conditions as 
production of the gate insulating layer of 
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the 4th MOS transistor. It exposes in 
order into gas and consists of a nitriding 
silicon oxide layer of 6nm of thickness 
which this obtained. Nitrogen 
concentration distribution of the 
nitriding silicon oxide layer seems to be 
drawing 5 . 

[0046] The gate insulating layer of the 
6th MOS transistor is NH3 in a rapid 
thermal treatment equipment. The 
silicon oxide layer of 5.3nm of thickness 
of a silicon substrate surface is exposed to 
the 850 degree C ambient atmosphere 
containing gas, and they are N2 gas and 
N20 at the same conditions as the gate 
insulating layer of the 4th MOS 
transistor after that. It exposes in order 
into gas and consists of a nitriding silicon 
oxide layer of 6nm of thickness which this 
obtained. Nitrogen concentration 
distribution of the nitriding silicon oxide 
layer seems to be drawing 6 . 
[0047] The threshold voltage at the time 
of carrying out the ion implantation of 
the boron to the above 1st ■ the 6th MOS 
transistor was measured. The ion 
implantation is boron ion (B+) to the 1st - 
the 6th MOS transistor. Boron fluoride 
ion (BF2+) Two kinds were performed. B+ 
the conditions on which, as for the 
conditions (henceforth the 1st 
impregnation condition) of an ion 
implantation, boron ion does not run 
through the pure silicon oxide layer of 
6nm of thickness under a gate electrode - 
it is ■■ acceleration energy - 9keV(s) and 



a dose 2x1015 atoms/cm2 ** - it carried 
out. moreover, BF2+ the conditions on 
which, as for the conditions (henceforth 
the 2nd impregnation condition) of an ion 
implantation, boron ion runs through the 
pure silicon oxide layer of 6nm of 
thickness under a gate electrode - it is - 
acceleration energy - 30keV(s) and a 
dose 2x1015 atoms/cm2 ** - it carried 
out. 

[0048] Moreover, it was 0.5 micrometers 
and gate width (width of face of the 
direction which intersects 

perpendicularly to gate length) was 5 
micrometers, and the gate length (source 
drain lay length) of the MOS transistor 
used in the experiment turned on and 
turned off the electrical potential 
difference impressed to a. gate electrode 
by 0.5V to -2.5V, and set the drain 
electrical potential difference as -2.5V 
further. Moreover, 200 threshold voltage 
was measured in the field and asked for 
the average. 

[0049] thereby - drawing 7 (a) and (b) 
The result [ like ] was obtained. In 
addition, drawing 7 (a) and (b) It sets and 
is on the 2nd impregnation condition. 
BF2+ After carrying out an ion 
implantation, the silicon substrate is 
heated for 60 minutes at the temperature 
of 800 degrees C. This is for boron to 
make a gate insulating layer easy to 
escape from by diffusing boron with heat. 
When a gate insulating layer consists of 
pure silicon oxide, fluctuation of the 
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threshold of the gate voltage for which it 
depends on nitrogen with a natural thing 
will not take place. Then, when the effect 
on the threshold voltage Vth by the 1st 
impregnation condition and the 2nd 
impregnation condition is seen about the 
2nd MOS transistor which made the pure 
silicon oxide layer the gate insulating 
layer, it is drawing 7 (a). As the interface 
nitrogen concentration 0 showed, only 0.4 
V became large at the plus side rather 
than the case where the direction 
depended on the 2nd impregnation 
condition is the 1st impregnation 
condition. That is, it turns out that a gate 
electrode and the boron ion of a gate 
insulating layer run, and the difference of 
0.4V arises "Be alike" in threshold 
voltage. 

[0050] On the other hand, like the gate 
insulating layer of the 1st MOS transistor, 
when the nitrogen concentration has 
spread in the direction of thickness in the 
interior at broadcloth, including nitrogen, 
at the 1st impregnation condition and the 
2nd impregnation condition, it is drawing 
2 (b). Threshold voltage Vth was the 
same and there was that a difference 
arose so that it might be shown. [ no ] 
That is, it is that the result depended on 
the 1st impregnation condition is the 
same as the result depended on the 2nd 
impregnation condition, if boron does not 
run through a gate insulating layer 
according to the 2nd impregnation 
condition, either, and it means things. 



[0051] Moreover, when the 3rd which has 
the peak of nitrogen concentration in the 
interface of a gate insulating layer and a 
substrate - the 6th MOS transistor are 
compare, it is drawing 7 (a). It turns out 
that threshold voltage has shift to a 
minus side as the nitrogen concentration 
in the nitriding silicon oxide layer which 
constitutes a gate insulating layer from 
the 1st impregnation condition which the 
omission of boron ion does not produce 
increases so that it may be show. 
Furthermore, although threshold voltage 
will have shifted to a minus side as the 
nitrogen concentration in the nitriding 
silicon oxide layer which constitutes a 
gate insulating layer like the 1st 
impregnation condition increases on the 
- 2nd impregnation condition which the 
omission of boron ion produces if the 3rd - 
the 6th MOS transistor are compared, it 
has shifted to a plus side rather than the 
case where it is based on the 1st 
impregnation condition. It shifts to a plus 
side because boron ion ran through the 
gate insulating layer and it has entered 
into the silicon substrate. 
[0052] Furthermore, each threshold 
voltage Vth of the MOS transistor to 
which the nitrogen concentration of the 
boundary of a silicon substrate and a 
nitriding silicon oxide layer performed 
the impregnation conditions of 10% or 
more, and the MOS transistor which 
performed the 1st impregnation condition 
when it became and high concentration 
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nitrogen came to be introduced and the 
2nd comes to be in agreement. That 
threshold voltage Vth is in agreement 
means that the thrust omission of the 
boron of a nitriding silicon oxide layer is 
prevented. 

[0053] On the other hand, it sets to the 
1st MOS transistor. Drawing 7 (b) Even if 
it carries out the ion implantation of the 
boron on the 1st impregnation condition 
and carries out an ion implantation on 
the 2nd impregnation condition so that it 
may be shown, the same threshold 
voltage Vth is obtained. The threshold 
voltage Vth Drawing 7 (a) It became the 
same as the case where the shown 
interface nitrogen concentration is 2%, 
and only about 0.1V is only shifted to a 
minus side compared with the threshold 
voltage of the 2nd MOS transistor which 
moreover has the gate insulating layer of 
pure silicon oxide. It is thought that the 
shift is based on the nitrogen in a gate 
insulating layer. 

[0054] Thus, in the nitriding silicon oxide 
layer from which nitrogen concentration 
is changing to broadcloth in the direction 
of thickness, while the thrust omission of 
impurity ion is prevented, fluctuation of 
threshold voltage is also controlled. And 
the field interior division cloth of the 
nitrogen in the nitriding silicon oxide 
layer had also become homogeneity 
mostly. Since the nitrogen concentration 
in the interface of the nitriding silicon 
oxide layer and silicon substrate has 



those effectiveness even if it is low, the 
number of the carrier traps by nitrogen 
decreases, and fluctuation of the property 
of a transistor is controlled. 
[0055] On the other hand, since the peak 
of concentration distribution of nitrogen 
exists in the boundary of a silicon 
substrate and a nitriding silicon oxide 
layer, the source / drain field is enough in 
order to block a hot carrier. And since 
fluctuation of the threshold of gate 
voltage is hardly affected even if it makes 
the peak high, hot carrier resistance can 
be further raised by making nitrogen 
concentration of the peak high. 
[0056] Therefore, while the MOS 
transistor formed through the process 
explained by the 1st example which was 
described above, and the 2nd example 
prevents the thrust omission of impurity 
ion by the gate insulating layer under a 
gate electrode, it can make hot carrier 
resistance high by the insulating layer of 
the side of a gate electrode. Although the 
above explanation has discussed the gate 
insulating layer of 6nm of thickness, it is 
effective also about the ultra-thin gate 
insulating layer used for a 
next-generation semiconductor device. 
For example, it is 900 degrees C of a 
vertical mold diffusion furnace about the 
nitriding silicon oxide layer of 4.2nm of 
thickness. By exposing a silicon substrate 
to the 900-degree C ambient atmosphere 
containing N20 gas, formation of the 
nitriding silicon oxide layer to which 
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about 2.5% of nitrogen concentration 
exists in a layer at broadcloth was 
attained, and element distribution of the 
nitriding silicon oxide became like 
drawing 8 R> 8. In this drawing 8 and 
above-mentioned drawing 3 - drawing 6 , 
nitrogen concentration is the magnitude 
for which drew the calibration curve 
based on the value by Auger analysis, 
and it asked from the reinforcement of a 
SIMS analysis result. 
[0057] In addition, when forming the gate 
insulating layer under a gate electrode 
with a nitriding oxidation insulating 
material, you may make it the peak of 
nitrogen concentration exist in the 
interface of a gate electrode and a gate 
insulating layer. Moreover, in the 
above-mentioned explanation, although 
boron was used as an impurity, n mold 
impurities, such as other p mold 
impurities or arsenic, and phosphorus, 
may be used. 

[0058] Furthermore, while forming the 
gate insulating layer under a gate 
electrode other than the above-mentioned 
operation gestalt from nitriding silicon 
oxide and making the nitrogen 
concentration distribution into 
broadcloth, the insulating layer which 
consists of pure silicon oxide may be 
formed in the front face of the source / 
drain field. As a process which forms the 
insulating layer which consists of silicon 
oxide, it is drawing 1 (b). After forming a 
gate electrode so that it may be shown, 



the nitriding silicon oxide layer of the 
both sides of a gate electrode is removed, 
and the method of reoxidating the front 
face of the silicon substrate of the part 
which removed the nitriding silicon oxide 
layer is further. In this case, it is the 
optimal to stabilize the case where he 
wants for there to be few hot carrier 
effects and to aim at proof -pre ssure 
degradation prevention at the edge of a 
gate electrode moreover, and thickness, 
according to the conditions of the high 
impurity concentration of a drain field, 
gate length, etc., and obtain. In case the 
shallow impurity diffused layer of LDD 
structure is formed [ ****** ], for example 
to be stabilized and obtain thickness, 
there is a case where you want to 
stabilize the depth of the impurity 
containing an ion implantation. 
[0059] Moreover, when removing a 
nitriding silicon oxide layer, even when it 
is small, it leaves the nitriding silicon 
oxide layer, and there is also the 
approach of oxidizing the front face of a 
silicon substrate after that. In this case, 
although it is small, since nitrogen is 
included, slight hot carrier resistance is 
expectable. Moreover, according to the 
process, since the front face of a silicon 
substrate is not exposed, the damage of a 
substrate and etching are prevented. 
[0060] 

[Effect of the Invention] Nitrogen 
concentration distribution of the direction 
of thickness in the 1st nitriding oxidizing 
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zone which is used as a gate insulating 
layer between the semi-conductor 
substrate of an MIS transistor, and a gate 
electrode according to this invention as 
stated above, It is made to change 
nitrogen concentration distribution of the 
direction of thickness in the 2nd nitriding 
oxidizing zone which uses the source / 
drain field as a wrap insulating layer 
depending on the method of both sides of 
a gate electrode, for example, as nitrogen 
concentration distribution of the 1st 
nitriding oxidizing zone Since distribute 
nitrogen over broadcloth, or an interface 
with a gate electrode is made to segregate 
nitrogen and it was made to make an 
interface with a semi-conductor substrate 
segregate nitrogen as nitrogen 
concentration distribution of the 2nd 
nitriding oxidizing zone further While a 
carrier trap lessens according to the 
nitrogen concentration distribution by 
the 1st nitriding oxidizing zone by this 
that it is hard to run in the case of an 
impurity ion implantation, hot carrier 
resistance can be improved according to 
nitrogen concentration distribution in the 
2nd silicon nitride layer. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
fDrawing ll Drawing 1 (a) - (d) It is the 



sectional view showing the 1st process of 
the MOS transistor in the operation 
gestalt of this invention. 
fDrawing 21 Drawing 2 (a) - (d) It is the 
sectional view showing the 2nd process of 
the MOS transistor in the operation 
gestalt of this invention. 
[Drawing 3l Drawing 3 is drawing 
showing concentration distribution of the 
configuration element of the nitriding 
oxidizing zone used as a gate insulating 
layer of the MOS transistor concerning 
the operation gestalt of this invention, 
axes of ordinate are logarithmic scale and 
an axis of abscissa is a proportion 
graduation (about a graduation, the same 
is said of drawing 4 , draw in g 5 , drawing 
6 R> 6, and drawing 8 ). 
fDrawing 4l Drawing 4 is drawing 
showing concentration distribution of the 
configuration element of the nitriding 
oxidizing zone of a wrap 1st for the source 
/ drain field of the MOS transistor 
concerning the operation gestalt of this 
invention. 

fDrawing 5l Drawing 5 is drawing 
showing concentration distribution of the 
configuration element of the nitriding 
oxidizing zone of a wrap 2nd for the 
source / drain field of the MOS transistor 
concerning the operation gestalt of this 
invention. 

fDrawing 6l Drawing 6 is drawing 
showing concentration distribution of the 
configuration element of the nitriding 
oxidizing zone of a wrap 3rd for the 
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source / drain field of the MOS transistor 
concerning the operation gestalt of this 
invention. 

[Drawing 7l Drawing 7 (a) Property 
drawing showing change of the threshold 
of the MOS transistor after changing 
impregnation conditions into each of SiO 
two-layer and four kinds of SiON layers 
which nitrogen segregated and carrying 
out the ion implantation of the boron, 
drawing 7 (b) property drawing showing 
change of the threshold of the MOS 
transistor after changing impregnation 
conditions into the SiON layer from 
which nitrogen is distributed in the 
direction of thickness at broadcloth and 
carrying out the ion implantation of the 
boron to it - it is drawing 7 (a) and (b) 
An axis of ordinate and an axis of 
abscissa are proportion graduations. 
fDrawing 8l Drawing 8 is drawing 
showing concentration distribution of the 
configuration element of the nitriding 
oxidizing zone of 4.3nm of thickness used 
as a gate insulating layer of the MOS 
transistor concerning the operation 
gestalt of this invention. 
rDrawing 9l Drawing 9 (a) - (d) It is the 
sectional view showing the production 
process of the conventional general MOS 
transistor. 

[Description of Notations] 

1 Silicon Substrate (Semi-conductor 
Substrate) 

2 Isolation Oxidizing Zone 

3 N Well 



4 Nitriding Silicon Oxide Layer (Gate 
Insulating Layer) 

4a, 4b Nitriding silicon oxide layer 

5 Gate Electrode 
6s Source layer 
6d Drain layer 

7s, 7d Low concentration impurity 
diffused layer 
8 Sidewall 

9s . nine d High concentration impurity 
diffused layer 
10s Source field 
lOd Drain field 
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[0021] rwao, «i clWkSt©ii« 
*^*fcJ:9, ^^*^&A©Kil-3?£i£ttf~< < 

tev-y ayiwtiis^ti^f*^ yrw 

#5 it #"?*$©"<?» LDDiSt©V-VKWy 
««©«v^*B**fc»Ji©«* r *s-C# 

So 

[0 0 2 2] ft**, MIS-Fy^^oSS^Wi 
LT(4, i/y=>>\ y/W^AfcJ?©!*^*©^* 

[0 0 2 3] 

««fcLDD«5t©»fflUftV^MOS h7^^©» 
Jtxa*JISlWi:bT, LDDKloy-VKWV 
i«5rft5MOS h9X^^©*JSXSSr»2«i: 

[00 2 4] gmai 

HI, 1112(4, LDD«»fr*U*V^y-^««i 

HriiH-cfcS. *1\ Hi (a) **-<?© 
iSfcSWi-*-*. ««l©±fctt. 



5 

S^-fkfe(C<to-C@)¥2 5 0nm©*T-^ffi^t:*2 

[0 0 2 5] t©*^-»J«flW8AK:S:» IHDWM: 

rixi-it) ->y 3>-s«i©m^-^iB«cA^tt 

^MitlS* 5 (^0^) rt£A*U J&©tf^tjv>-C9 5 0 
^©SMfc^B (N20 ) ^Siitv-^^SS^B 

Jgc A (CSJ? 6 nm© Jg 1 ©^tBMk^ y = ^8 4 fcJftW" 

*° ~ 
[00 2 6] *©«fc» 5/ y = 1 ©* 1 ©»U* 

y nyf^CVDtCiot 1 8 0nm©J¥£(;:/&B:-f~£o 

ot/ ^_ =y ^ u A©** 
MWS 5 &J&*-f-*. ****** A© 5 1> 

[00271 j&aa»*aais« pfhwO ©^-^ 

^85 o < C©T^=T(NH 3 ) # * £-£tf#B*t-s££ 

U *©#B»rtK*>y 1 * 60 * MIIIISUfc * 
^-^^rt'©^^*** (N2) MB**"*- -^©NH 

3 #*K±*bfi, 01(b) fc*i-J:5fc» y- hmM^ 
i nWcmc'y !iafl4 ©£*»«£*« 

< 4ot, K^«JS«©m 2 ©KflaMt'> !)3y|4a 

[0028] *©«£, ft^rtoll^?: N 2 0# 
*icWfcu -©^a-e^-^^-rt©*** 9 o o°c\c 
Ji#LT, HI Kc) lc^-f-J:5»-, ->!i3y|SiH 
©#H»i*JlcA*v-C 6 r. r. twig 

(C*5^Tte, 1*© NH8©#H»©«* J HK1B*IB**. 

-fk^-arsrtl-iUv V— h«B5©Pf«©JB2©*fls 
^-fbvy 3>-S4©2*iS«^S | J^-t"^-i^" e *^ L 
d»t>^-fkBWkv !)syl4iv'!)3 yli 1 1 ©#ffi© 

lii->!)3yi»^SSJ:45!l>btfc5 0 
j [0 0 2 91 8P*>, ^-l*«*5©W«*lwjE>SJB2© 

■3. j [\MVc*s y 3 4 a rtj ? v' y =■ ^sts i ^©s^iS 

t°- ^ tt, « 2 0>m&tW U3yl4at-y!J3 
1 t ©^ffilr 9 Kftte-TZ i. o KHSWP-T 5. 
}c j. > 5 rotw<ai©^ 2 <om.\\MA\L~y !)3y 

g4at©IMIMii s . hm@5©ET(-fc5 

^lwiftSft-yyayf (y-Mfi»») 4at©i 

Hl««^ £ lift 5 r t K: ife 5 o 
[0 0 3 0] ft*5, 01(c) tc^bfcJ:5(w. NH 3 ^ 
SrN 2 0t«lx:fct©2@S©HtiWIIi, Xl^, NH 
;o 3 ^©#B^C*3^-C^2©^4t^kiyy 3y|4a 
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7 

6 s St? h'W i^fW* 6 d ^!6«»fe-tfe*-6- 
s, 6dcc«l4, y-Mg5©T©8Stt^^fc 

[00 3 1] -£©l£t^ #fcBI*U*v^ ^flcKJilW 

y-^fWKW^i LtLDDiilO 
?F»lfcJ£«JiSr«ffli"5MOS h7^^©MlS 

[0 0 3 2] *1\ »l«in«lwU"C, '/DayiS 

i ©*^j««*A©aiBBi=jB i o»flawkv i» 3 

y-MtB5*r»j*Ufc«fc» 0 2(a) 

y- b^ffi 5 Riwrf-awaiMfcJi 2 9 K&m L 

^*e^»»s 7 s , 7 d sr^-rso 
[oo33] ^©#k, $ i o*flaMsv y=^i4t 

<6aft£«**6&&*S ("> » 3 7 s • 7 d 

NH 3 iN 2 £N 2 0 ©JRK:aE*.Ty-h««5 0W«*0_IB 

nitnft&W2(D&it&ik :! sy ="^4 b t-rso -© 

f? 2 £>£fl:®Mk V y 3 >-S 4 b ft, y— h m<S 5 ©T© 

Wfl7s, 7 d(DSSSSB*a5-t»-^5o 
[0 0 3 4] rtufCtt), ^-hSffi50P51®l20 

WcM.Kc/'y y3yf4b +©1*11^^. ^- bfl; 

•C, CVDli«t 9Si02JlSr^W=J*Sb"C» b®« 
l&tfvy aySEi SrSi02fCioTa5o 
[0 0 3 5] #CK, Rjfctt^^s/^V'^Kl.fco-CSi 

o^SriWflCiyf^^U wftKJ:!!, 02(c) 

t^K^*-^8iLt«t. ^©SHC, ^-b«®5 
StflM K^d-— /V8 %^*9\X-\sXvW$-Wto* , sV 

ayiwictAfc. ^*-b««i5So ! -y-'i' K**- 
/v8©^*'©v'y syltti fcS?^Bi»£© 5 F#fi*»l£# 
19s, 9dSr»«i-*. *OJ:5*K««0'P*MWt 
f«i 9s, 9dt ±IS Lfcte**©^^*® 7 s • 



8 

7 dtci;oTLDD«^©y-^tg^l 0 iRt^KW 

[00 3 6] ZOWZ.. Wi-H^Lft^ 5 , URBf&^l 

U »MI6»Ji.©JiKEi»*3^^ b*-/u4:iIUC 
y-^lOs, KWy^lOdXtt^-hfS 

/r- bm® 5 cDMfflo©^ i (omtmt'y Uayl4^ 

icUfc^im&RfHLfc**. ^- MWS5 

, (;> f ti 5 ©s«©f i oi«fcv y 3 4 
&Bfc*u -yyaylfiiow-ff^ 1 

[00 3 7] Sfc, ±IE Ufc«W-Ctt, y 3 
^k^kiyy a^/i^HSU o^-Cs NH 3 #*3rN 2 #* 

izmm ufc^ic, mtmt'y v^ymz n 2 o^ * icuBi- 

[0 0 3 81 2o©MOSh7y-y^^»SitI 

iHttSjSti, y- bl6^®Sr«^-t-S^ l oiEftlMk 
-yp3y|4iy-VKN 5 JB 2 ©Mfc 

8ft-yy3yi4a, 4 boii^*^45 «t 5kl 

!) a yf 4 1 1 2 OtftaikV U a yf 4 a , 4bC0g 
[0 0 3 9] 4-f, «SSS£«^Srffl^-CN 2 0 ^Sr^tf 

ta«9 5 o*c©#ia*T?fl5 1 rotttfttft-y y => vi 

MS^Lfct^^ i2|3fc*-t-J:5^^WS** : * 5 #b 

SSS©!tPrt©NH3 ^^SrN2^^{-^^l-^' ;l > 

^rtfcNc^ ^*»AU9 o o e c-e^km<b->y =■ ^ 

SS: 6 o&l!3^©#H^S-8ELTJi^©7R*$:Bfc*U 

5, HI 4 ~H 6 t^^i" <fc 5 
[0 0 4 0] |2l4~El 6 f±. NH3 ^f^Sr^tf#H^^ 
ft-yyay|5r^tWSS:> 7 5 0°C. 8 00 

so ©Jiff*ifii©IEfls« s E3^it'<-c**<, UH f y» a 
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x^ztKWm-bZo UM>. NHs 

[0041] « i atwB-2 nmtmw 

4, 4 tOMldftOfc^OS h^Vv^^Kif© 

2^ pSmos h^y^^wilSEl-^^^^ 
>-&A©*K--©J£t-t©l£ittci?©J: 5 

[0 0 4 2] URcDfcfcf-fflV^fe^ropSlMOS h7 

0©»3g£ffl^fc„ $l©MOS h7Vv?**©y-h 
feffcfftt, «Stl£«*PfcJ3''^ NzO^Sr^tf 9 5 0°C 

[0 0 4 3] f 2©MOS f^V^^W^— h#fMftJl 
->!) 3 yltJ)5. t& 3 ©MO S F7^"^^ <D*f— b 

mmm\*. tuMaassft^o i o o o 

. >- (Sio 2 ) fteotMllSbtiiKiot, -toBMfc: 

[0 0 4 4] I4CMOS h7>"^^0^- h*fe*tJl 
ti\ ^itf^S^^©^ ^Sr-^tf 7 5 0'C©#H 
^.Idv-y a >«tR*ffi©JW? 5 . 3nm©BMk->y 

(C, ^©#H^rttcN 2 0 Sr»AUT9 0 0t©«lct 
Hit 3 V©-(b-&i-J;oT6nmtCJi^T</^„ ^©^ 

5o 

[0 0 4 5] I5CMOS h^^v 5 ^.^©^— SJfe^S 
tt, 3&jS^a^«rt©NH 3 ^t*tr8 0 0lCO#B 

wcvy 3vs«*ffi©SJ*5. 3nm©^kvy =*>-m 
immoft&tmc&ft-e^xx* n 2 o tf^icwmcpi 

ft 5. ^oSI-ftlMk'V y 3 vJi©££i8K#*ttl 2 ' 5 © 
[0 0 4 6] |6<0MOS h7V^^O^- Mfe^S 



/0 

|±, ^^SSBrt©NH 3 #*£-£tf8 5 O'C©^® 
JStCVy 3V*R*ffi©»*5. 3nm«0iMti/y 
SrlBU SI 4 ©MO S h7^^^©^-^ 

mmmtmc&ftx^x** n 2 o ^ftitiu. - 
%<Dmtmt*s y =■ >-s©a*jg«^*«*ia 6 ©<t 5 -e 

[004 7] &Lk©J:5ftSgl~^6©MOS h7^ 
vm*4 jr^'tZA Lfc»&©BHItttffi&*JS L 
fc 0 ^©^ ^SAli. S1-I6CMOS F7>-^ 

f 2 + ) ©25flBgfi i ofc. b + ©-r^&A©^ uy. 
f , jgi©&A&#t^5) (*> y-hm*©Twfl» 

*&2 X 1 O 15 atoms/cm 2 t Lfc 0 BF 2 + ©-f:*- 

f&A0>*# (£TF> !B2©&A*#i^5) tt, 

OkeV , K-XfSr 2X1 0 15 atoms/cm 2 t Lfc„ 
[0 0 4 8] ^©HlfcT'teffl LfcMO S b9^i? 

^ (y— ;* • KL-'-O'*^**) 

5,inu y-us (y-mK#u"CES£-r5*m« 

5Vdi f,_2. 5VT-ON, OFFU KH 

|:isv^2 0 0a^U ^©sp*SSr*»fco 
[004 9] i <9 m 7 (a), (b) © £ 5 

fe^fc, fc*S, 0 7(a), (b) ^2©^A^ 

^ bf 2 + sr^^-^^Abfcm^taars o o^cT*->y =>^ 

^<i-5fc*^fo?>o y- HMM3Ss^»T4»ft:vy 

tUc|2©MOS hy^iSxfKo^X. ^1©SA 

5t, El 7 (a) o#IIifiSO-e*tJ: 5^, ^2<^ 
, aA ^^«t5*^l©aA*#©^£ , 5t>^7^ 

[0 0 5 0] rJlCMLT, I1WMOS F7>^^ 

* oa**it#Ji»* i^i ? 13 - KKJKa* o x i ^ 5 »e- 

(ctiu ^l©aA*«=i^2©aA*#-C(i. HI 7(b) 
ic^-TJ: 5»c. Hffi®ffiVthf*lR)C-efcoT^#£C5 

itt«*»ofc. -t-^^*>, m2©aA*#(-£5'^mt 

» ^l©^A^W=<fc5!S** s P1^^^5^t{i, ^2© 
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fcimflss' y 3 f ©a**** 5 * ^ ^otvx pre 
[0052] s&fc, -v^yisttwvy^y 

OS l-yy^^ t^2coaA*#SrtrofcMOS h7 

^^^^©^■njettwBHtWEvthas-srrs £ 5 i-ft 

3 0 wn«ffivth#-Sri-5 i^5rfctt. «v 

*[°oo5 3] rtb^LX, iioMOs^y-w 
KJo^Tfi, 1217(b) 5 fc, *-7§?t£lgi©& 

L-Ct, WC»WtffiVth*#6)^ ^©Wfl^ffiVth 
I4,H7 (a) ic^-T^ffi^^iSKii 5 2 %©#if £ ID C t 
ft 5, LA»t>, tf»Tft*fcvy a^oy-MMW* 

ff5»2©MOS b9^^^0lWWEK*'*^*» 
[0054] gfit&a^SJSWi 6 )^ 0 - 

©&;&S'>ft< ft of ^ ©W*©*** 5 ***!* 
[0 0 5 5] rftKMLT, y-^/KWV««"C 

£ftt^©-C, ^t©if— ^©S****«<"f"5^ii:fcJ: 



[0 0 5 6] Ufc^oT, ±aELfcJ:5ftflflW&^* 
*x©5!#atfSrRJhi-5-.*-C v h *«©«#<*> 

©900t© N 2 0^f^^tf9OO c C©#fflm^->y 3 
ylS5r$tniiaot > i^t«)2. 5%SS© 

ri«STI«fc:«9> tw^ftiWk^y 3y®7i*d#ttH 
8©«t5Jcftofcc r©S8S:^±Kbfclll3~I116lc: 

[0 0 5 7] ft*5. y-h«K©T©^-M6»»** 

Pft if© n SPFiWft trfflv iiv^. 
[0 0 5 8] $ b iC, ±!E LfcSBfc»»©««^ h 
«i©T©^- H6WiSr*fliiMk->y 3^*»b»J« 

u ^©^st^a^*^*-^-*"*^^ y ~ 

VKW i^fiH«©*ffifc tfaTftlWk^ P 3 ^f4 
gSr^-t-SXSt ttli, 01(b) (c^i-i5l-y- 

^WtStB *?»J*-i- * ^£AK iotA5 ^ 

[0 0 5 9] t.1t. m.itmtis» 3V^Srl**i-5*& 
K> «*»-Ct*fciWk^'y 3yfSrStt*3f, ^©« 

£«©«ffifcgm£«ft^©T% WRoy^-^**' 
[0 0 6 0] 

[*«©»*] KJi»-*fc * 5 Mi 
;o s F y y V* * ©¥*#*« t?-h *He© IS© V- V 
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(4jg i ©«fcmM'«m*«*fr*fc t^f*, y d k 

IB 2 ©»U*ftJl0>***£*M& * bT 
^{fc&Kfc©^^^^^?! «fc 5KLfc© 

\)Th7y t>fc» jb 2 ©afls-> y = 

[0ffi©fgf*ftlftS8] 

[Ell] 01(a) ~(d) (4, «8W©ltlli»«fc*»»t* 

mos Vy^ ; y^^<of$i<onn^-t^^^>^o 

[1212] 0 2(a) ~(d) (4, *&W<DmffiMM^j3tfZ> 
MOS H7Vv ? ^^©^2©X®Sr^i-»Tffi0"C*>5o 
[0 3] 0 3(4, *38W©3SB»»1ifc#5MOS h7> 

6&IF0 8 tHH*"C*fc-5) , 

[04] 04(4, *38W©«**«t«5MOS h7V 

v?* * © y-*/ h w ^fs^s o % i (omtmtm 

©#^7c*©*S^**^i"0-Cfc5o 
[0 5] 0 5(4, «^©^WiC#5MOS 

5?^ *© y-*/ k w 5 is 2 <r>wm*}cM 



10 



20 



74 

[06] 06(4, *»WO»t»it«5MOS 

[0 7] 0 7(a) (4, 'Si02li: Lfc 4 «R© 

SiON^©^tb^t-aA^fe#Sr^AT * .2**^ 
ALfcfCMOS ^^^©Hitt©^^^!* 
0, 0 7(b) (4, fflOT:frfifcfe**s:fn-Kfc##-t-* 

Siffl«ifci£7Jfe# Lfc«© 

MOS h 7 yv?^ ^ ©itt©»k5:*t#ttia t?fe !) , 

07 (a), (b) (DmnR^mm-iitmwi^h^o 

[0 8] 0 8(4, *HK©mS^fl§»^5MO S h7>- 

[0 9] 0 9(a) ~(d) (4, fc*©-«W4MO S h7 

[^©t&Wl 
1 

2 
3 
4 

4 a, 
5 

6 s 

6 d 

7 s, 
8 

9 s . 
10s 



4 b SHMMfc*' 

7 d teffi«^*6«9t£fcJi 

9 d X«^Mfftt*JI 
y-*SW£ 



1 0 d KM ^ffi^c 



[0 3] 



furnace : 950"C,N2O 
n-1.46 :6.l3nm 



[04] 



furnace : 950°C, 5.34nm 
n«l.46 : 5.78nm 



[[SI 5] 



furnace : 9SO°C , S.34nm 
n-1.46 : 584nm 





1 
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me] 



furnace : 950°C, 5.49 nrr 
n = 1 .46 : 5.96 nm 
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[87] 



(a) 



<t>) 



I— 17 SION 



^ 2 r n 



nr 
1 



o:B + 9kA/2E6 
BT ■ : BF 2 * 30keV2El5 t ^Att 80 0 C«MBS*y I 



O * 5 + 9keV 2EI5 
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